Introduction
Summary: The vestibular and geniculate ganglia of the ear in experimental animals carry both of the tyrosine hydroxylase (TH)-positive sympathetic neurons and the neuronal nitric oxide synthase (nNOS)-positive parasympathetic neurons. With an aid of immunohistochemistry, we examined these ganglia as well as the horizontal part of the facial nerve using specimens from 10 formalin-fixed elderly cadavers. The submandibular ganglion from the same cadavers was used for the positive control for both markers. Although there was a nonspecific reaction in nuclei for the present antibody of nNOS, these ganglia were unlikely to contain either nNOS-or TH-positive neurons. However, we did not deny a possibility that the absence was a result of degeneration with aging. In contrast, the facial nerve horizontal part consistently contained both of TH-positiveand nNOS-positive fibers. These fibers might regulate blood supply to the facial nerve and the dysregulation leads to edema to elevate pressure on the nerve within its osseous canal. present study to examine the existence of sympathetic and/or parasympathetic nerve elements in the human geniculate and vestibular ganglia.
Materials and Methods
The study was performed in accordance with the provisions of the Declaration of Helsinki 1995 (as revised in Edinburgh 2000). We examined 10 temporal bones from donated male cadavers with ages of 71-87 years (mean, 82 years). The cause of death had been ischemic heart failure. These cadavers had been donated to Tokyo Dental College for research and education on human anatomy, and their use for research had been approved by the university ethics committee. The donated cadavers had been fixed by arterial perfusion of 10% v/v formalin solution and stored in 50% v/v ethanol solution for more than 3 months. During minute dissection under surgical microscope ( Fig. 1) , we prepared 4 small tissue blocks from each of the bones: 1) the vestibular nerves at the bottom of the internal auditory meatus, 2) the geniculate ganglion of the facial nerve, 3) the horizontal part of the facial nerve distal to the geniculate ganglion. Using histological sections (an equipment for postgraduate education in the Department of Otorhinolaryngology), we learnt the topographical anatomy of the vestibular ganglion ( Fig.  2) : the aforementioned specimen No. 1 was most likely to contain the vestibular ganglion although the ganglion cell cluster extends long along the nerve 10) . In addition, for the positive control, the submandibular ganglion was obtained in the same cadavers at a routine surgical approach from the submandibular triangle.
After performing routine procedures for paraffin-embedded histology, we prepared 20-30 serial sections to find the best site of these ganglia. Most sections were stained with hematoxylin and eosin (HE) and some were used for immunohistochemistry. According to Hinata et al. 11) , the primary antibodies used for nerve immunohistochemistry were 1) rabbit polyclonal anti-human nNOS (1:100; Cell Signaling Technology, Beverly, MA) and 2) rabbit polyclonal anti-human TH (1:100; Millipore-Chemicon ab152, Temecula, CA). The secondary antibody (incubation for 30 min; dilution 1:1000; Histofine Simple Stain Max-PO, Nichirei, Tokyo) was labeled with horseradish peroxidase (HRP), and antigen-antibody reactions were detected by the HRP-catalyzed reaction with diaminobenzidine (incubation for 3-5 min; Histofine Simple Stain DAB, Nichirei, Tokyo). All samples were counterstained with hematoxylin. Negative controls consisted of samples without the primary antibody.
Results
The submandibular ganglion as the positive control always contained both nNOS-positive cells and TH-positive cells: the positive cytoplasm colored deep brown. The maximum diameter of neurons ranged from 30-40 micron. Nuclei of all ganglion cells were, much or less, appeared to display nNOS immunoreactivity for the present antibody. Thus, nuclei of the TH-positive cells appeared to be positive also for nNOS (Fig. 3) . However, we did not consider this result as a double-positive.
From all 10 cadavers, we successfully obtained a ganglion cell cluster of the vestibular ganglion that was composed of 20-40 ganglion cells per section (20-30 micron at the maximum diameter). Likewise, the geniculate ganglion contained 5-10 ganglion cells per section (20-40 micron at the maximum diameter). Nuclei of all of these neurons were strongly positive for nNOS, but the cytoplasm also appeared to be weakly positive (Fig. 4) . In contrast, in both ganglia, TH-reactivity was not seen not only in the nucleus but the cytoplasm. Moreover, no nNOS-positive fibers were seen in and around these ganglion cell clusters. In contrast, the horizontal part of the facial nerve contained both nNOS-and TH-positive nerve fibers although a proportion in the sectional area (area/area) was roughly estimated as less than 5% (Fig.  4CF ). In addition, the vestibular nerve in the proximal side of the ganglion contained few TH-positive fibers (figure, not shown).
Discussion
Although a successful staining of nNOS immunohistochemistry is obtained in less than half of formalin-fixed cadaveric specimens after long preservation in ethanol solution 12) , the present observations revealed absence of either nNOS-positive or TH-positive neurons in the human vestibular and geniculate ganglia. However, we did not deny a possibility that this absence was a result of degeneration with aging. Positive immunoreactivity of the nucleus seemed to be non-specific because of the expression seen in all ganglion cells including those in the submandibular ganglion. In the latter ganglion, TH-positive cells sometimes exhibited nNOS positivity of the nucleus. To our knowledge, a double expression of the TH and nNOS was not reported in the head. Actually, a member of sympathetic nerve markers, neuropeptide Y, is likely to coexist nNOS in the vestibular ganglion cells of 4-month old female pigs 7) . However, in humans, such a paradoxical expression between the sympathetic and parasympathetic markers may be limited to occur in some enteric neurons: Anlauf et al. 13 ) described a group of neurons those are double positive for a cholinergic marker and TH. In addition, choline acetyltransferase is likely to co-exist in the sensory nerve fibers in the human vestibular periphery 14) .
Based on immunohistochemical data from the experimental animals, Michel et al. 9 ) postulated a critical contribution of nitric oxide to regulate blood supply to the facial nerve. According to them, nitric oxide regulates vascular tone of nutrient blood vessels in the perineural sheath and endoneurium and the dysregulation leads to edema and elevated pressure on the nerve within its osseous canal. Actually, we demonstrated nNOS-positive nerve fibers, possibly coming from the otic ganglion, on the facial nerve horizontal part. However, in the other paper 3, 4) , his research group emphasized that the vestib- ular ganglion does not show clear nNOS immunoreactivity, while soluble guanylyl cyclase is present in the cytoplasm. In the present study, the facial nerve also contained TH-positive fibers. Yamashita et al. 8) considered that these nerves may influence on capillary permeability. Overall, the vestibular and geniculate ganglia seemed to be purely sensory in the human elderly.
